4 * 



Europaisches 
Patentamt 



European 
Patent Office 



PCT/1B 0 3-/ H5 5 i f 

— * a 12, 03 



Office europeen 
des brevets 




Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stfmmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europSischen Paten tan mel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet, 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

02080278.1 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
, COMPLIANCE WITH RULE 17.1(a) OR (b) 



Der Prasldent des EuropSlschen Patentamts- 
Im Auftrag ' 

For the President of the European Patent Office 
Le President de I'Office europeen des brevets 



RCvan Dfjk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 

Application no.: 02080278.1 
Demande no: 



Anmeldetag: ... 
Date of filing: 13. 12.02 
Date de depot: 



Anmel der/Appl lean t( s)/Demandeur( s) : 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
562 1 BA -Eindhoven- 
PAYS-BAS 



Bezelchnung der Erf 1 ndung/TI tl e of the 1nvent1on/Tl tre de -1 1 Invention: 

(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrelbung. 

If no title Is shown please refer to the description. 

S1 aucun tltre n'est 1nd1qu<§ se referer a la description.) 

Method for processing a series of image frames representing a cardia cycle 

In Anspruch genommene Prlorlat(en) / Pr1or1ty(1es) claimed /Pr1or1t£(s) 
revendlquee(s) 

Staat/Tag/Aktenze1chen/State/Date/F1le no./Pays/Date/Numero de depot: 



Internationale Patentklasstf 1kat1 on/International Patent Classification/ 
Classification Internationale des brevets: 

A61B6/00 



Am Anmeldetag benannte Vertragstaaten/Contractlng states designated at date of 
flHng/Etats contractants designees lors du depot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SI SK 



02080278. 1 

EPA/EP0/0EB Form 1014.2 - 01.2000 7001014 



2 



PHNL021263EPP 

1 12.12.2002 
Method for processing a series of image frames representing a cardiac cycle 



The invention relates to a method for processing a series of image frames 
representing a cardiac cycle in order to identify from said series of image frames a systolic 

frame showing a hearfnTits systblic"pKaserand a diastolic frame showing the hearrisits 

diastolic phase. 

Generally it is required to identify the systolic phase and the diastolic phase of 
a heart under examination in order to be able to determine further heart parameters such as 
the stroke volume, the ejection fraction and other parameters. Normally, the systolic phase 
and the diastolic phase of the heart can be easily determined by means of an ECG-signal. 
When, however, such an ECG-signal is not available or when it is not possible to avail of this 
ECG-signal the problem occurs that in order to be able to assess a variety of heart parameters 
it is a prerequisite that an accurate determination of the systolic phase and the diastolic phase 
of the heart are determined. 

From WO 01/82787 an automatic method for evaluating image data taken over 
a sequence of image frames is known that is used to determine a contour of a left ventricle of 
a heart under examination. Id this known method end diastole and end systole aortic valve 
-P?^. 818 entered whereb y an initial end diastole region/end systole region classifier is 
developed using a probability look-up table. Also provided are framing ; data determined from~ 
manually drawn contours of hearts of other individuals than the person under examination. 
Regression coefficients derived from the training data are then applied to determine the end 
diastole boundary and the end systole boundary which can be used to calculate an ejection 
fraction for the heart. This known method is complicated and requires much>manual input in 
order to be able to obtain the diastole and systole boundaries of the heart 

It is an object of the invention to provide an effective easy and simple manner 
of identifying the frames that are representative for the systolic phase and the diastolic phase 
of me heart under examination. 

According to the invention the method includes to mis end the steps that 
a) each frame from said series is compared with every other frame from said series and a 
measure of identity for each such comparison between every combination of two frames is 
established, and that 



v PHNL021263EPP BEST AVAILABLE COPY 

2 12,12.2002 
b) a first frame and a second frame from said series of images showing the lowest value of 
said measure of identity, are selected, whereby the first frame is identified as the systolic 
frame and the second frame is identified as the diastolic frame. 

Surprisingly, it is possible with the method according to the invention to 
5 determine both the systolic frame and the diastolic frame of a heart under examination from a 
series of image frames representing a complete cardiac cycle, without the need to rely on 
further measurements such as the ECG-signal. 

Although*fhe"£5etH6d of the "invention can be applied with any type^of image 

frames such as the image frames derived from a CT-scan, a MRI-scan or an ultrasound scan, 
10 the method of the invention is particularly useful when used on a series of images that are 
derived from an MRI-scan. When collecting a series of image frames with an MRI-scan the 
problem is that the ECG-signal that is otherwise available can not be used because the ECG 
corrupts the MRI-frames on the one hand, whereas on the other hand the ECG-signal is 
disturbed by the magnetic fields of the MRI-scan. 
15 In practice it appears that any suitable way of comparing the frames is 

feasible. The method according to the invention can, however, be particularly well applied 
when the comparison between every combination of two frames is carried out by executing a 
cross-correlation function with regard to any such combination of two frames, and that the 
value resulting from said cross-correlation function represents the said measure of identity. 
20 It is explicitly remarked that the invention is also embodied in software 

carrying program-code for a computer to implement the above-discussed method and to a 
data carrier on which such software is loaded. 

Further, the invention is embodied in a system for processing a series of image 
frames representing at least one cardiac cycle, which system comprises a computer and 
25 software to implement the afore-discussed method. 

Hereafter the invention will be further elucidated with reference to a non- 
limiting exemplary embodiment and with reference to the annexed figures. . 



30 Figs. 1 and 2 show two image frames selected from a series of image frames 

representing a complete cardiac cycle. 

Fig. 3 shows the result of a comparison of each frame with any other frame 
from the series of image frames. 
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Figs. 1 and 2 show a human heart at different moments of the cardiac cycle. A 
typical cardiac cycle consists of at least thirty of such frames as shown in Figs. 1 and 2 
respectively. 

5 According to the invention each frame from the series of frames (such as the 

frames shown in Figs. 1 and 2) is compared with every other frame from the series of frames 
and the result of the comparison is converted into a measure of identity. 

Fig. 3 shows the collected'ffi^u^ for all the possible 

combinations of pairs of frames from the series of frames representing a complete cardiac 
10 cycle. In this particular case Fig. 3 shows on both the horizontal and the vertical axis all 

frames from one series of frames, numbered 1-30, resulting in a total of ViN.QJ+l) possible 
combinations in which iV=30 is the total number of frames. 

Fig. 3 shows the result of the comparison whereby the white areas represent 
full identity between the two compared frames and the darker areas represent less 
1 5 correspondence between the compared frames. The darkest areas represent the least 
correspondence between the compared frames. 

Based on the above the areas marked with the arrows A and B relate to the 
combinations of frames showing the largest differences between the compared frames. Based 
on this result the systolic frame showing the contraction of the heart and the diastolic frame 
20 showing the heart in relaxed condition can be identified as frames 10 and 30 respectively. 

Finally, it is remarked that the invention is not restricted to use with MRI- 
scans only. It can easily well be applied with CT-scans, ultrasound scans and any other scan 
that may be developed in future. 

The invention can further easily well be applied with image frames from the 
25 heart taken from a perspective that differs from the frames shown in Figs. 1 and 2 

respectively. The invention is insensitive to the viewing direction at which the heart under \ ? v: \ 
examination is being monitored. In short: the invention is not limited to the specific \ ..<>.",;• 
embodiment discussed above. This discussion merely serves to elucidate the appended claims 
without intending to limit the scope of protection of these claims. 
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1 . Method for processing a series of image frames representing a cardiac cycle, 

in order to identify from said series of image frames a systolic frame showing a heart in its 
s ystolic p hase, and a d iastolic frame showing the heart i s its diasto lic phase, characterized by 
the steps that 

5 a) each frame from said series is compared with every other frame from said series and a 
measure of identity regarding each such comparison between every combination of two 
frames is established, and that 

b) a first frame and a second frame from said series of images showing the lowest value of 
said measure of identity, are selected, whereby the first frame is identified as the systolic 
10 frame and the second frame is identified as the diastolic frame. 

2. Method according to claim 1, characterized in that the comparison between 

every combination of two frames is carried out by executing a cross-correlation function with 
regard to any such combination of two frames, and that the value resulting from said cross- 
1 5 correlation function represents the said measure of identity. 

— 3- - Method-according to claim 1 or 2, characterized in that the-series-of-image — 

frames are derived from a group comprising a CT-scan, a MRI-scan, an ultrasound scan. 

20 4. Method according to claim 3, characterized in that the series of image frames 

are derived from a MRI-scan. 

5. Software carrying program-code for a computer to implement the method 
according to any one of claims 1-4. 

25 

6, Data-carrier loaded with software for operation on a computer to implement 
the method according to any one of claims 1-4. 
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7. System for processing a series of image frames representing a cardiac cycle, 

comprising a computer and software to implement the method according to any one of claims 
1-4. 
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toe showurg a hear. initio shasejnd a diastohc to. showing the heart is its 
diastolic phase, comprising the steps that 

a) each toe from said series is compared with every other to. to said series and a 
measure of tdenhty regarding each such comparison between every combination of two 
frames is established, and that 

b) a first toe and a second toe to said series of images showing the lowest value of 
-.measure of identity, are seiected, whereby the fir* toe is idennneo as the ^ 
toe and the second toe is identified as the diastolic toe. 



Fig. 3 
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